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Terminal  Market  Storage  Tests  on  California  Lemons,  1951 


Introduction 


This  is  a  report  of  storage  tests  made  with  California  lemons  at  New  York  City 
during  the  summer  of  1951.    The  work  was  part  of  a  project  on  the  storage  of  citrus 
fruits  that  is  heing  conducted  under  the  Research  and  Marketing  Act  of  1946.,    It  was 
a  continuation  and  expansion  of  storage  tests  at  New  York  "begun,  during  the  summer  of 
1950,  the  results  of  which  have  already  heen  puhlished.  1/    The  storage  tests  v/ere 
made  in  cooperation  with  the  Sunkist  Growers,  the  Merchants  Refrigerating  Company  and 
the  Refrigeration  Research  Foundation, 

It  may  he  well  to  point  out  that  the  storing  of  lemons  in  the  producing  areas  of 
California  and  Arizona  is  a  common  practice.    Under  normal  crop  and  marketing  conditions 
lemons  are  held  in  cool  warehouses  on  an  average  of  ahout  three  monthso    This  situ- 
ation is  brought  ahout  hy  the  fact  that,  although  mature  lemons  may  "be  harvested  every 
month  in  the  year,  the  largest  harvests  occur  during  the  winter  when  the  demand  for 
lemons  is  least.    It  is  therefore  fortunate  for  the  industry  tha.t  lemons  picked  during 
the  winter  months  have  the  capacity  to  endure  storage.    They  not  only  endure  storage, 
"but  are  ustially  improved  hy  it.    Most  lemons  when  harvested  are  not  ready  for  immedi'- 
ate  consumptioni,  "but  need  time  for  proper  development  of  color,  juice  content,  and 
flavor. 

Through  research  and  practical  experience  it  has  "become  the  accepted  practice  in 
the  producing  areas  to  hold  lemons  in  warehouses  equipped  with  refrigeration  and  air 
conditioning  machinery  that  provide  a  temperature  of  55®  to  58® F.  and  a  relative  hu- 
midity "between  85-90  percent,  and  that  introduce  enough  fresh-conditioned  air  to  pre- 
vent excessive  accumulation  of  carhon  dioxide. 

Under  commercial  practice  the  length  of  time  that  it  is  considered  safe  to  hold 
a  given  lot  of  lemons  in  the  warehouse  -  allowing  time  for  packing,  transportation, 
marketings  and  consumption  ■=>  depends  upon  a  number  of  factors  which  the  lemon  pack- 
ing-house foreman  must  consider.    The  more  important  of  these  factors  ares 

(1)  locality  and  special  characteristics  of  a  grove; 

(2)  seasons  (since  storage  life  may  vary  from  year  to  year) 5 

(3)  time  of  the  year  the  lemons  are  picked; 

(4)  the  maturity. 

The  storage  potential  of  fruit  from  a  given  grove  varies  greatly  with  the  pick- 
ing date.    For  example,  lemons  picked  in  January  will  usually  have  a  longer  poten- 
tial storage  life  than  any  subsequent  pickings  of  the  season  from  the  same  grove. 

There  are  in  general  four  maturity  classes,  and  all  four  often  may  be  found  in 
a  single  picking,  namely  (a)  dark  green,  (b)  light  green,  (c)  silver,  and  (d)  tree 
ripe.    The  dark  green  lemons  are  f'oll  green  and  the  light  green  ones  are  partially 
colored  green  (i.e.  green  with  color  well  "broken" )o    The  silver  is  fully  colored 
with  a  green  "tip"  (i.e.  stylar  end);  "silvers"  are  sometimes  separated  into  A  and 
B  grades.    The  A  grade  show  more  green  color  than  the  B,,  and  usually  are  firmer  and 
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and-  fresher  looking.    The  B  grade  appear  more  like  the  tree  ripe  and  are  handled 
somewhat  similarily.    The  tree  ripe  are  fully  colored  and  mature,  with  no  green 
showing.    The  maturity  segregation  is  considered  to  serve  as  a  determination  of 
quality,  color  of  fruit  "being  the  most  practical  distinguishing  marko    The  dark 
green  lemons  are  considered  to  have  the  longest  keeping  properties,,  and  after  cur- 
ing the  "best  juice  value.    The  tree  ripe  fruit  is  considered  to  have  the  shortest 
storage  life  and  along  with  the  "B"  silvers  are  generally  not  stored  for  longer 
than  two  to  four  weeks  after  picking. 

The  storage  of  lemons  after  arrival  at  the  eastern  terminal  markets  is 
another  matter.    Although  relatively  few  are  so  stored,  queries  are  constantly 
"being  received  as  to  proper  storage  temperatures  to  employ.    Recommendations  "by 
the  U.S.  Dept.  of  Agri. ,  "based  largely  on  work  conducted  in  California,  call  for 
storage  at  55®  to  58®F.    However,  during  the  summer  of  1949  a  large  cold-storage 
warehouse  company  at  New  York  City  experienced  a  loss  of  many- thousands  of  dollars 
due  to  the  development  of  decay  (Penicillium  rots)  in  lemons  stored  at  55®  .  At 
the  same  time  others  on  the  market  were  reported  to  have  stored  lemons  fairly 
successfully  commercially  in  previous  years  at  somewhat  lower  temperatures  even 
though  it  is  well  known  that  certain  internal  defects  are  more  prevalent  at  those 
temperatures.    The  eastern  cold-storage  operator  thus  finds  himself  in  the  po- 
sition of  having  to  decide  whether  to  risk  the  po8si"bility  of  decay  at  higher 
temperatures  or  of  internal  troubles  and  skin  "breakdown;  at  lower  temperatures. 
Ordinarily  storage  at  terminal  market  is  done  "by  speculative  merchants  who  "buy 
when  fruit  is  in  the  least  demand  and  prices  are  low,  with  the  intention  of  hold- 
ing until  the  prices  are  higher.    Sometimes  two  or  three  months  elapse  before  a 
favorable  market  materializes.    The  problem  of  successful  holding  is  further  com- 
plicated by  the  fact  that  these  merchants  buy  and  store  fruit  without  knowing  its 
California  field  and  packing  house  history,  factors  which  are  of  great  importance 
in  determining  quality  and  storability  of  any  given  lot  of  lemons. 

The  storage  tests  in  1951  consisted  of  two  distinct  phases.    The  first  phase 
(Part  I  of  this  report)  was  an  almost  exact  duplicate  of  the  1950  tests  where  test 
boxes  were  selected  at  the  packing  house  and  shipped  to  New  York  for  storage  at 
four  different  temperatures.    The  test  lots  at  each  storage  temperature  consisted 
of  lemons  from  four  different  pickings  from  each  section,    U.S.  Dept.  of  Agrl. 
workers  were  chiefly  responsible  for  this  part  of  the  work. 

The  second  phase  of  the  tests  (Part  II  of  this  report)  began  in  August, 
about  the  time  the  first  phase  of  the  storage  work  was  completed.    It  consisted 
of  periodically  removing  test  boxes  from  a  wide  variety  of  carloads  offered  for 
auction  sale  at  New  York  and  storing  them  for  4  weeks  at  50®?.     Tliey  were  in- 
spected when  removed  from  storage,  held  at  70®  for  two  weeks  and  reinspected. 
This  phase  of  the  work  was  continued  on  into  the  spring  of  1952.    Members  of  the 
Sunkist  Growers  were  responsible  for  this  part  of  the  program. 

Part  I 

Methods 

The  test  fruit  was  sent  to  New  York  in  two  shipments,  each  consisting  of 
four  lots.  Each  lot  was  made  up  of  eight  boxes  for  storage  and  one  for  exami- 
nation without  storage. 
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The  first  shipment  (lots  1  to  4  inclusive)  was  included  in  a  conimercial 
load  of  lemons  in  a  fan  car  "billed  Bule  239  (preiced,  replenished,  DNR,  stan- 
dard vent  from  Argentine)  with  fans  on.    The  car  was  loaded  and  shipped  May  1 
and  unloaded  at  New  Tork  during  the  early  morning  hours  of  May  10.  Transit 
temperatures,  as  recorded  "by  a  Ryan thermograpli  placed  in  one  of  the  test  "boxes 
at  the  "bottom  q.uarterlength  centerline  position  in  the  car,  dropped  to  52° F, 
"by  the  second  day  and  averaged  43®  from  then  until  time  of  unloadingo  Thirty- 
two  boxes  were  placed  in  their  respective  storage  rooms  within  a  few  hours  after 
unloading  and  four  "boxes  were  "brought  to  the  lahoratory  for  immediate  inspection. 

The  second  shipment  (lots  5  to  8  inclusive)  was  loaded  in  the  top  layer 
near  the  q.uarterlength  position  in  a  non-fan  car  loaded  dry  and  "billed  initial 
ice,  full  "bunker,  DUE.    The  car  was  shipped  May  8  and  unloaded  at  New  York  dur- 
ing the  early  morning  hours  of  May  18o    Transit  temperatures  as  recorded  "by  a 
Eyan  thermograph  placed  in  one  of  the  test  "boxes  dropped  to  52®F.  by  the  second 
day  and  averaged  45*  from  then  until  the  time  of  unloading.    Thirty- two  "boxes 
were  placed  in  their  respective  storage  rooms  within  a  few  hours  after  unloading 
and  four  "boxes  were  "brought  to  the  la"boratory  for  immediate  inspection, 

\ 

Description  of  the  eight  lots? 
Foothill  lemons 

Lot  1.    Picked  February  7.    Dark  greens. 
Lot  2.    Picked  March  5.    Light  greens. 
Lot  3.    Picked  March  15.    "A"  silvers. 
Lot  4.    Picked  April  18.    "B"  silvers. 


Coastal  lemons 

Lot  5.    Picked  Fe"bruary  24.    Light  greens 
Lot  6o    Picked  April  3.    "A"  silvers. 
Lot  7.    Picked  March  22.  Silvers. 
Lot  8.    Picked  May  1.    "B"  silvers. 


The  lemons  of  all  eight  lots  had  "been  dipped  in  a  solution  of  2-4-D  in 
water  wax.    Lots  1,  2,  and  3  (not  4)  received  the  nitrogen  trichloride  (Decco) 
gas  treatment. 

The  lemons  were  stored  at  the  17th  Street  warehouse  of  the  Merchants  Re- 
frigerating Company,  New  York  City,  in  four  ezperimental  rooms,  two  of  which 
had  floor  dimensions  of  8  x  1^  feet  and  height  of  11  feet.    The  45®  and  55*>F. 
rooms  had  similar  width  and  height,  "but  were  only  13  and  10  feet  longj  respec- 
tively.    The  thermostats  of  the  four  rooms  were  set  for  temperatures  of  32®, 
38*,  45® and  55®,  respectively,  but  the  32®  room  ran  close  to  33®  most  of  the 
storage  period.    A  relative  humidity  of  88  to  90  percent  was  maintained  in  all 
except  the  38®  rooms  where  it  averaged  77  percent.    No  special  provision  was 
made  for  introducing  fresh  air  into  the  storage  rooms. 

Two  "boxes  of  each  lot  of  fruit  were  stored  at  each  temperature.    One  was 
removed  at  the  end  of  four  weeks"  storage  and  the  other  after  eight  weeks"  stor- 
age.   At  the  time  of  removal  from  storage  the  lemons  in  one-half  of  each  "box  were 
examined  and  the  sound  ones  remaining  after  the  inspection  replaced  unwrapped. 
The  "boxes  were  then  held  for  two  weeks  at  70®Fo  and  80  to  85  percent  relative 
humidity.    The  remaining  lemons  in  the  ends  originally  inspected  had  "been  exam^ 
ined  for  decay  and  pitting  and  discarded  after  one  week  at  70®,    At  the  end  of 
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the  two-week  period  the  lemons  that  had  heen  left  undisturhed  in  one~half  of 
each  hox  were  inspected  and  discarded.    The  results  of  the  one-week  holding 
period  at  70*  are  not  included  in  the  tahles  hut  are  referred  to  in  the  text. 
At  the  time  the  lemons  were  placed  in  cold  storage  one  box  from  each  of  the 
eight  lots  was  examined  immediately  and  after  holding  one  and  two  weeks  at  70® 
in  the  manner  just  described  for  those  later  removed  from  storage.    A  record 
of  this  prior  to  storage  condition  of  the  fruit  is  given  in  tahle  1. 

The  inspection  procedure  was  identical  In  all  instances.    Notes  were 
taken  on  firmness,  color,  and  on  condition  of  the  buttons  and  each  of  the  lemons 
in  the  half  box  was  examined  for  evidence  of  decay  or  pitting.    A  random  sample 
of  fifty  lemons  was  then  removed  from  each  half  box  and  the  fruit  cut  and  exam^- 
ined  for  evidence  of  membranous  stain,  internal  stylar^end  breakdown  and  inter- 
nal  decay. 


Prior  to  Storage 

The  lemons  of  all  lots  arrived  in  excellent  conditionj  with  practically 
no  decay  (0.7  percent  in  one  lot).  Buttons  in  all  lots  were  green  and  firmly 
attached.  After  two  weeks  at  70*,  decay  ranged  from  0.7  to  2  percent  in  five 
lots  and  4  percent  in  another.  At  the  latter  inspection,  2  to  4  percent  mem- 
branous stain  was  found  in  the  four  lots  of  foothill  lemons,  but  in  only  one 
lot  of  the  coastal  lemons  where  it  occurred  to  the  extent  of  18  percent. 

Pour-Weeks"  Storage    °    Removal  Inspection 

Joothlll  lemons  (table  2n  lots  1-4) 

The  first  three  picks  of  foothill  lemons  (lots  1-3)  were  little  If  any 
affected  by  storage.    There  was  little  important  difference  between  any  of  the 
three  picks  or  between  temperatures  of  a  given  pick.    Lot  4  (latest  pick)  had 
somewhat  more  decay  and  pitting  than  the  other  lots. 

Coastal  lemons  (table  2o  lots  5  °  8) 

Decay  and  pitting  were  somewhat  more  prevalent  in  the  coastal  lemons  than 
in  the  foothill  lemons.    Memljranous  stain  was  much  more  prevalent.    There  was 
relatively  little  consistent  difference  between  picks.    On  the  basis  of  this 
removal  inspectionj,  best  storage  results  were  secured  at  32®F.  and  the  next 
best  at  38®  at  both  of  which  temperatures  storage  was  entirely  successful. 


lovLX  weeks'  storage  of  the  first  three  picks  (lots  1  ■=  3)  of  foothill 
lemons  gave  successful  results  at  all  four  temperatures  employed.    This  con- 
clusion is  based  on  the  relative  small  amount  of  decay,  pitting,  and  membranous 
stain  present  at  the  inspection  made  at  the  end  of  the  two  weeks'  holding  peri- 
led at  70*1',  following  removal  from  cold  storage  (see  table  2).     There  was  little 
difference  between  tenrperatures.    Slightly  better  storage  results  were  obtained 
with  the  first  two  picks  (lots  1=2)  than  with  the  third  pick  (  lot  3).  Stor= 
age  defects  were  more  prevalent  in  the  latest  pick  (lot  4)  than  in  the  three  earl- 
ier picks  discussed  above. 


Re suite 


Four°Weeks°  Storage  Plus  Two  Weeks  at  70° F. 
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Coastal  lemons  ( taTjle  3.  lots  5  -  8) 

Rather  high  amounts  of  decay  were  found  in  many  boxes  of  coastal  lemons 
when  inspected  at  the  end  of  a  two-weeks'  holding  period  following  removal  from 
foTir  weeks'  cold  storage.    This  was  particularly  true  for  those  of  the  latest 
pick  (lot  8,  picked  May  1),     In  general  there  was  little  difference  in  storage 
hehavior  "between  any  of  the  three  earliest  picks  (lots  5-7).    Por  each  of  these 
three  picks  hest  results  were  obtained  at  55* F,  at  which  temperature  four  weeks' 
storage  was  quite  successful  even  though  membranous  stain  was  fairly  prevalent. 

Eight-Weeks'  Storage  -  Removal  Inspection 

Foothill  lemons  (table  4.  lots  1-4) 

Decay,  pitting,  and  membranous  stain  were  all  more  prevalent  in  the  last 
pick  (lot  4)  than  in  the  earlier  ones.    There  was,  however,  relatively  little 
difference  between  any  of  the  first  three  picks.    In  all  three  instances  (lots 
1-3)  pitting  was  more  prevalent  at  38*1',  than  at  lower  or  higher  temperatures; 
greater  amounts  of  membranous  stain  were  found  at  45*  than  at  other  temperatures. 
On  the  basis  of  this  removal  Inspection  best  storage  results  were  secured  at  32* 
and  55*  for  both  of  which  temperatures  storage  was  entirely  successful. 

Coastal  lemons  ( table  4.  lots  5-8) 

Pitting  and  decay  were  so  seriously  present  in  the  last  pick  (lot  8)  that 
storage  of  these  lemons  was  unsuccessful.    There  was  relatively  little  difference 
between  any  of  the  first  three  picks  (lots  5-7).    Membranous  stain  was  much 
more  prevalent  at  45*1',  than  at  lower  or  higher  temperatures.    Best  storage  re- 
sults were  secured  at  55*  with  the  next  best  at  38*1',    There  waSj  however,  a  ser- 
ious amotmt  of  decay  and  pitting  and  a  considerable  amount  of  membranous  stain 
at  both  temperatures, 

Eight-Weeks'  Storage  Plus  Two  Weeks  at  70*P. 

Eoothill  lemons  (table  5.  lots  1-4) 

Storage  of  the  last  pick  (  lot  4)  was  not  successful  because  of  the  gen- 
eral prevalence  of  decay,  pitting,  and  membranous  stain.    There  was  little  dif- 
ference between  the  first  three  picks  (lots  1-3).    In  each  pitting  was  much 
more  prevalent  at  38*F.  than  at  any  other  temperature;  membranous  stain  was  most 
prevalent  at  45*  in  the  first  two  picks  (lots  1-2).    Excellent  storage  results 
were  obtained  at  55*  although  the  results  were  nearly  as  satisfactory  at  32*. 
The  table  4  supplement  notes  indicate  that  the  32*  lemons  were  somewhat  lighter 
in  color  and  firmer  than  those  stored  at  55* . 

Coastal  lemons  (table  5,  lots  5-7) 

The  great  amount  of  decay  and  pitting  in  the  last  pick  (lot  8)  made  stor- 
age entirely  unsuccessful.    Much  the  same  thing  is  true  for  lot  6  ("A"  silvers, 
picked  April  3).    Turning  to  lot  5  (picked  February  24)  and  lot  7  (picked  March 
22)  it  will  be  seen  that  decay,  pitting,  or  both  were  much  more  prevalent  at  32*1'. 
than  at  any  other  temperature.    Membranous  stain  was  seriously  present  in  both 
picks  at  each  of  the  three  higher  temperatures.    Of  all  coastal  lemons  included 
in  table  4  only  the  55*  lot  of  the  first  pick  (box  111)  can  be  considered  to  have 
given  satisfactorily  results  from  eight  weeks'  storage  followed  by  two  weeks  at 


70®..    Even  so,  it  contained  28  percent  mem"branous  stain. 

Miscellaneous  Data 

Practically  all  decay  was  Penicillium  rot  (tlue  mold  rot  and  green  mold 
rot),    Alternaria  rot  was  found  occasionally. 

There  was  practically  no  internal  stylar-end  breakdown.    This  was  in  con- 
trast with  the  results  of  the  previous  year. 

Eecords  of  weight  loss  during  the  two  periods  of  cold  storage  were  obtained 
in  all  instances  except  for  the  32*  and  38® F,  boxes  of  coastal  lemons.    Where  com- 
plete temperature  comparisons  were  available  slightly  less  weight  loss  occurred  at 
32*  than  at  higher  temperatures  ~  but  the  differences  were  not  large.  Storage 
weight  loss  had  no  apparent  relation  to  time  of  picking.    iUi  average  for  all  data 
available  gave  1.3  percent  weight  loss  during  four  weeks"  cold  storage  and  2.5 
percent  during  eight  weeks. 

As  stated  earlier  in  this  report^  records  of  pitting,  decay,  and  general 
appearance  of  the  fruit  were  taken  after  the  lemons  had  been  held  at  VO'P.  for 
one  week  following  removal  from  storage.    Althoiagh  the  data  are  not  presented  in 
the  report,  it  can  be  stated  that  pitting  and  decay  were  generally  more  prevalent 
after  1  week  at  70*  than  at  time  of  removal  from  storage  and  less  prevalent  theua 
after  two  weeks  at  70*.    Since  many  lemons  would  be  held  for  as  long  as  two  weeks 
before  being  sold  and  consumed,  it  appears  safer  to  base  conclusions  on  the  re- 
sults obtained  after  a  full  two-weeks"  holding  period. 

In  order  to  show  the  relationship  of  storage  temperature  to  the  subsequent 
development  of  decay^  pitting,  and  membranous  stain,,  the  following  summary  in 
tabular  form  has  been  prepared.    It  includes  the  results  of  the  1950  and  1951 
tests  on  the  firsts  second,  and  third  pickings  from  the  foothill  and  coastal  dis- 
tricts and  the  averages  are  based  on  the  four  principle  inspections  (which  are 
those  after  four  weeks  of  storage,  four  weeks  of  storage  plus  two  weeks  holding 
at  70* P. ,  eight  weeks  storage  and  eight  weeks  storage  plus  two  weeks  holding  at  70*.) 


Kind  of  lemons 

Year 

Decay 

32® 

38* 

45® 

55* 

Foothill 

1950 

6.7 

1.0 

1,1 

1.0 

Foothill 

1951 

0.5 

0.6 

0,3 

0.2 

Coastal 

1950 

17,5 

10.3 

13.3 

11.5 

Coastal 

1951 

14.1 

5„7 

5.2 

2.7 

Average 

9„7 

4„4 

5o0 

3.9 

Pitting 

Foothill 

1950 

1.4 

0.2 

0 

0 

Foothill 

1951 

0.6 

7.8 

0.1 

0 

Coasta?i. 

1950 

2.3 

0,3 

1.0 

3.6 

Coastal 

1951 

6.1 

4,1 

1,3 

Average 

2.6 

2,8 

1.3 

1,2 

Membranous  stain 

Foothill 

1950 

lo5 

8.8 

8,3 

2.3 

Foothill 

1951 

3.0 

2.2 

6.3 

1,3 

Coastal 

1950 

0.3 

13.5 

15.2 

7,1 

Coastal 

1951 

6^ 

20,5 

44.5 

21.5 

Average 

2.9 

11,2 

18.6 

8.1 

-  7  - 


Decay  was  somewhat  more  prevalent  at  32®Fo  'both,  in  storage  and  holding 
than  at  other  temperattireSo    Differences  "between  temperatures  with  respect  to 
pitting  were  not  large,  although  more  occurred  at  32®  and  38®  than  at  45®  and 
55®,    The  most  memhranous  stain  developed  at  45®  and  the  least  at  32®. 

Discussion 

Throughout  the  storage  test  poorest  results  were  obtained  with  lemons  of 
the  last  pickings  (ioe.  April  18  for  foothill  fruit  and  May  1  for  coastal  fruit). 
Both  lots  were  classified  as  "B"  silvers  at  the  time  the  fruit  was  packed  for 
shipment  to  Hew  York.    These  results  are  in  agreement  with  repeated  ohservations 
of  packinghouse  foremen  who  consider  "B"  silvers  and  tree  ripes  to  have  a  rela- 
tively low  storage  potential. 

There  was,  however,  no  difference  in  storage  "behavior  between  any  of  the 
first  three  picking?  from  a  given  section.    Thus,  in  the  case  of  foothill  fruit, 
dark  greens  picked  Pehruaty  7,  light  greens  picked  March  5,  and  "A"  silvers 
picked  March  15  stored  equally  well.    Similarly,  with  coastal  fruit,  light  greens 
picked  February  24,  "A"  silvers  picked  April  3,  and  silvers  picked  March  22  had 
similar  storage  "behavior. 

Excluding  lemons  of  the  final  pickings  for  which  market  storage  is  not  to 
"be  recommended,  further  comparisons  of  storage  behavior  can  best  be  made  by  con- 
sidering storage  temperatures  and  growing  sections  simultaneously. 

Thus,  foothill  lemons  were  successfully  stored  for  four  weeks  at  all  four 
of  the  storage  temperatures  employed  (i.e.  32®,  38®,  45®,  and  55®?.)  and  held  up 
satisfactorily  for  two  weeks  at  70®  following  their  removal  from  cold  storage. 
When  held, in  cold  storage  for  eight  weeks  (plus  two  weeks  at  70®)  the  best  storage 
results  were  obtained  at  a  temperature  of  65®.    At  this  temperature  storage  was 
entirely  successful.    It  should  be  pointed  out,  however,  that  practically  as  good 
results  were  obtained  at  32®  as  at  55®. 

Coastal  lemons  were  successfully  stored  for  only  four  weeks.    On  the  basis 
of  the  inspection  made  at  the  time  of  removal  from  storage  best  results  were  se- 
cured from  storage  at  32®  and  38®r.    However,  after  holding  the  fruit  for  two 
weeks  at  70*  following  removal  from  cold  storage,  only  those  originally  stored 
at  55®  remained  In  good  condition.    At  that  temperature  (55®)  storage  for  four 
weeks  may  be  considered  to  have  been  fairly  successful.    However,  when  coastal 
fruit  was  held  In  cold  storage  for  eight  weeks  (plus  two  weeks  at  70®)  all  lots 
were  In  such  poor  condition  that  none  can  be  considered  to  have  been  stored 
successfully. 

Part  II 

Immediately  following  the  tests  conducted  by  the  U.S.D.A. ,  Sunkist  Growers 
stored  lemons  in  the  New  York  market  from  all  major  producing  areas  in  California. 
Many  of  these  samples  were  especially  selected  for  their  keeping  quality  or  be- 
cause of  a  special  treatment.    Duplicate  samples  of  many  lots  were  stored  in  Cali- 
fornia at  temperatures  comparable  to  those  in  the  New  York  terminal  market. 

The  following  tables  (6,  7a  and  7b)  show  the  results  of  the  storage  tests. 
It  will  be  noted  that  in  addition  to  decay  we  have  added  another  defect, "anae- 
robic breakdown",  which  developed  to  an  alarming  extent  in  many  lots  of  fruit. 


„  8  » 


This  "breakdown  is  "believed  to  "be  caused  "by  anaero'bic  respiration  induced 
"by  heavy  application  of  wax,  oil,  or  low  storage  temperatures  acting  singly  or 
in  com'bination„    In  lemonss  anaero'bic  respiration  injuiy  is  first  characterized 
"by  a  water  soaked  appearance  of  the  tissues  followed  "by  a  loss  of  water,  drying, 
(not  unlike  frost  damage),  and  "bad  flavor.    In  an  advanced  state  of  anaero'bic 
breakdown  lemons  decay  rapidly.    In  most  cases  the  decay  has  "been  caused  "by  blue 
or  green  mold.    There  was  more  of  the  breakdown  in  coastal  than  interior  fruit. 
Also,  fruit  shipped  to  market  had  an  average  of  three  to  four  times  as  much  break- 
down as  comparable  fruit  held  in  storage  in  California.    (TaT^les  7a  and  7b), 
Decay  was  also  more  prevalent. 
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